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SUMMARY

An inveetlgation has been made in the” ?IACA 15-foot
free-spinning tunnel to determine the effect of wing
leading-edge clots on epln and recovery oharacterlstics.
Results obtained from these tests establieh a oriterlon
from which the adveree or favorable effeats of slots may
be predioted from a nondimensional mass-distribution
parameter.

The results lndlc~te that, for single-engine designs
with mass distributed heavily along the wings and for
~ultlengine deei~na, recovery will be slower with elota
open than with slots closed and the spin will be flatter
and at a lower rate of deecent. 1: the masp Is distributed
heavil:; along the fuselage, however, recovery wI1l be more
rapid with slots open than with slots olosed when th~ ele- !
Vator i8 neutral or down. although there will be little ap- ‘@
parent effect when the elevator is full up. There will be ‘
little effect upon the angl~ of attack or rate of descent
when slots are open and when thr mace Is dletributed
heavily along the fus~.lage.

The s~ote, when open, will depress the inboard wing
of an airplane regardless of loading.

INTRODUCTION

The uee of leading-edge slots on the wings of oertain
types of Amerloan airplane to improve the etalli.ng oharao-
.terietics or to inoreaee the sp,eed range has reoently in-
creased. Indications that slots may have ~ large influ-
ence on the behavio~ of an airplane in a spin have been
reported in references 1 to 5. These references indicate
that the effeot of alote may be either detrimental or
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beneficial but do not provide means for prediotlng the ef-
feot for a particular oonditlon unless the spin character-
istics of the ‘airplane without slots ara definitely known.
The investigation in the NACA 15-foot free-spinning tunnel
reported In the present paper was undertaken in an attempt
to relate the effect of slots on spin and recovery charac-
teristics td the mase distribution of the airplane.

Five models of recent airplanes of widely different
types, all having slots, were tested with the slotg both
open and cloeed. The mass distributions were varied to
cover a wide range of loadings from a single-engine maaa
distribution with mass.distributed chiefly along the fuse-
lage to a multlengine mass distribution with mass distrib-
uted chiefly along the wings. The effects of the slots on
the steady-spin and recovery charaeteristicfl were deter-
mined.

APPARATUS AYD TESTS

The airplanes represented by the five modele used
for the investigation are briefly desori%ed in table I
and photographs of the models are given as figures 1 to “ “
5. The models were constructed of balsa and were bal-
lasted for the desired loading conditions by the instal-
lation of lead weighte at suitable locations. A clOCk-

work mechanism was installed to actuate the recovery con-
trol.

The leading-edge slots on the models were of both
the partial-span and the full-span types. Comparative “
tests were made of the slot-open and slot-closed condi-
tions for each loading condition. The center of gravity
for each model was kept in the same position during the
mass-distribution changes although the total mass varied
a emall amount.

“The l?ACA 15-foot fre~-spinninq tunnel and spin-
testing technique are described in detail in refersnce 6.
Briefly, the models, with the rudder set for a spin, are

(

1 ched by hand with rotation and in a spinning attitude
nto the vertical upward air stream of the tunnel. The

airspeed of the tunnel Is adJusted to equal the rate of
desoent of the model; the model is thus kept at a fixed
height for observation and measurements until recovery is
attempted. During the steady spin observations are made

I
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,. . . . ..‘qf ‘t hue””.an.gle la betweeri ~the ,thruet axis and the vartioal
which is approximately equal io “tEe”-”iitiglo”of ‘@ttAok; the

.. angl~.~ betwqen+he -spariaxi> and the horizontal; the
‘En~”lar velocity n about the spin axis; End the rate of

- desae~t V.
~ ..” . .

A Reoovery 1s attempted by full and rapid reversal of
the rudder. The turns for recovery are taken as the”num-

., ??eraof~turns made by the model from the time the rudder
is reversed until the spin rotatinn oeases. !l!heleading-
edge Blots were considered to haye a ‘favorableQ effeat
when the “numb6r of turns for reeovery was less with the
slots open than with the slots olGsed...

-“

RESULTS

!Che o.uantitative results of the investigation are
prenente.d in table~ II and III. Table II shows the
steady-spin data and table III, the recovery data. l% e
@lot effecte are presented qualitatively in figure 6 and
in tables IV and V.

The data presented in tables II and III”are believed
to represent the true model values within the follcwing
limits:

a, “degreeo. . -. . . . . . . . . . . . . . , . *1
$,degreen . . . . . . . .. . . . . . .. . . . .. 1.1*1
“V, percept.. . . . . . . . . . . . . , . . . . . . . *2
$2, percent. . . . . . . . . . . . . . . . . . . . . *2
Turns for recovery . . . . . . . . . . . . . . . . . *+

All spins were made to the right and positive values
of the angle of-wing tilt @ indicate that the right -,
that is, the inner - wing is down.

. .
DISCUSSION.

. .

“The .influen~.e 05 miss d.istrlbktion” upon the effeot of
slots on recovery was .s~mewhat more evid.pnt for the. eplns
when” both elevator and ailbrbnh were neutral; accordingly,
these results were first plotted (fi.g~ 6)-to show the in-
flue?oe of each of the. three inerti~t moment ’paramet.ers

.

~- — —-—-. —- .-



..-. -
“

4

‘x - Iy *Y - lZ lZ - %
s —,and — . Figure 6 indicates

mb a mb 3 mb a

that, although partial separation of the j?avorable and the
adverae effeote of mlote may be obtained Iy conOlderation

ZZ - IX
of the inertia pitching-moment parameter . or

mb a

Iy - 12
of the inertia rolling-moment parameter — , prao-

mb a

tically comTlete separation of the efTeote oan be obtained

Ix - Iy
when the inertia yawing-moment parameter Is con-

mb a

aidered. The same condition was found for aileron and
elevator effects in refer~nce 7. The inertia yawing-
moment parameter depends on the relative loading along
the fuselage and winge; the value of this parameter ln-
creasee algebraically when mass Is added along the wlnge
or removed along the fuselage. Figure 6 shows that the
reversal from an adverse to a favorable slot effect oc-
curred at a value of the parameter of approximately

-80 X 10-4.

Aa a result of the indlcationa of figure 6, tablea
IV” and V were prepared to compare the qualitative recov-
ery data on the basis of the inertia yawing-moment param-
eter. In table IV, ths data are arranged to show.the ef-
fect of alot~ for loading varlatlone of the individual
models; whereas in table V the data are grouped together
for all models. These data indicate that, for the models .
of which the spin characteristics were investigated for
more than one mase distribution, the slot effeot tended

Ix - Iy
to become adverse as the value of wan algebra-

mb a
Ix - Iy

Ioally inoreaaed. As the value of —— became alge-
mb a

braioally smaller. the open elotg tended to have a favor-
a%le effect when the e~e

.—.—.
vator m neu~rti-I- O-i--aOm-m-w

.have..JAttk._fi@L.wM~._the e~evator wae full up. ‘--TKb”
fkot that eeparatlon of favorah~-e-an?l adver-ae effeota is

-—-----...

not complete indicates that maaa dlatribution, although a
primary factor, 1s not the sole factor which determimea
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clot effeot. For elevator-up configurations, for example,
the “erttlaal value of-the parameter appears to be- shifted
to a larger negative value than for the elevator-neutral
and elevator-down configurations. In some oases when re-”
ooverles with elo%s glosed were “either extremely rapid or,-
extremely elow, the effeot of opening the slots tias not
noticeable. This faot aocounts for the oocurrenoe of a
large proportion of the neutral effects at either end of
the rnase-parameter eoale.

The results are interpreted as indicating that open
slets will retard reoovery for alrplaneq with mass distri-
buted chiefly along the wings - that is, multiengined air-
planes or single-engine airplanes with armament or fuel
lbcated In the wings - and that the effect may be of
serious magnitude. If the roses distribution is suffi-
ciently light aleng thutimge and—heavy along ~e_3?iis-e-=-

--—————_

lage, open slots--will gen-erally ae-sl~lr~~”avay.when the
elevator Is reutral or down and will havs littj~e effact
when the elevator IS full up.

...- . .

The effect of slots on the steady-spin parameters,
ae shown by a study of table 11, appears to be a change
of angle of wing tilt which leads to lowering of the in-
board. tip when the slots are Open. This effect occurred
regardless of loeding, oontrol setting, and individual
model oharaoterietics. Yor loading conditlone for which

I= -- I*
wae algebraically greater than aFproxlnately

mb a

-00 x 1o-4, open slcte tsmded to flatten the spin and to
decrease th~ vertiaal velooity. Eor loadings for which

Ix - Iy
wa~ algebraicall~ lees than approximately

m% a

-00 x 10-4, open slots had only a small effeot upon angle
of attack and vertloal veloolty.

In general, it may be said that, for both reooverles
and steady spins, the adwerse effeots were cf larger mag-
nitude than were the favorable effeots. Ho consistent
trend of the effeot of slots on the angular velocity was
noted.

—. . .— — — ...
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CONCLUSIONS

I’rom tests in the NACA 15-foot free-spinning tunnel
of five models of recent airplanee having slote on the
leading edges of the wings, the following conclusions are
indioated:

1. Leading-edge olota, eltlier partial or full span,
may seriously affect the recovery from the spin. The ef-
fect may be etther adverse or favorable depending on the
mass distribution of the airplane,

2, The adverse or favorable slot effect may be gen-
erally predicted from design data by use of a nondimen-
sional mass-distribution parameter.

: 3. For single-engine designs with mass distributed
heavily along the wings and for multiengined designs, open
slots will have an adverse effect on spin recoveries.
For single-engine designs heavily loaded alcng the fuse-
lage, open slots will generally improve spin recoveries
when the elevator 16 neutral or down; there will be only
little effect when the elevator is full up.

4. Open slots will tend to depress the inboard wing
in.a spin, regardless of mass distribution. ~or mass
distributions for whioh open slcts have an adverse effect
on recovery, the spin will be flatter and the rate of
descent lower with slots open than with slots closed.
For mass distributions for which open slcts are favorable
to. recovery, there will be only littl~ effect upon the
steady spin when the slots art= opened.

.

Langley Memorial Aeronautical Laboratory,—
National Advisory Committee for Aeronautics,

Langley Field, Pa.
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TABLE I

MOMENTS 03’ INERTIA OE’AIRPLAI?ES

REPRESENTED BY MODi?JLS

1
Full-scale moment

~odel~ ~~1~~
Airplane TYK;o;f Basic

of inertia about loadiq
wing span,

, l._

~(~) ~,p, ea*,,

Ix (:~~3 ~lX;:

34.3! ]percent of
low wing

.3.2855,540 8,550 -91x1O”

I Bemispan
1.1

I
I

scout Tip, each 29 1“
2 %omber II W*9 p.rcmt of 8150113,475 20,470-48

low wing semispan !

ObeerYatio~ ~~
3 high WiIlg

. Full span
}3705 4’970 7’580 ‘*

scout I
i

obsenation !

I
i

4
I.andpl.ane

33.0” l?llll span

1

2958 6,739 10,715 -244

midvring

Observation I

5 scout ‘36.0 ,5%11 span

I

3610 5,710 7,C170-9~
seaplano
biplane I

~ L.—i~

asym%ol m denotes mass of airplane.
%pper wing.

-—. .
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TA9LS II

EFFECT OF SLOTS ON STEADY-SPIN CHARACTKRISTI CS

p, spins made to tileright’;all values of V given in fpa (full scale) : a and $, in dog; Q in radims/seo (full scale]

.-— —.————— ___ ——.————— —---- .-.-.— . . .- .———. . ..—..——-

. ..—..———. ..-— —..-. ___ . . .—. ..—.._. _._._ --- ___ .. . ...... . ..—. . .
—.

- “v~~n :’ltqiikT :; d-qN:~’’~””f“~’‘i.”---“v-”~“-cz‘:!...I?-ri:Ei:!Ski:Z:ai:ii$i‘ii(J2”;21;; ;l~- ‘-.....y
ihigh to teat 18749 62.45 181 I@ 4 3.1 22434 3 >89 187 4~ O

high to test; high ~o t~~~ 230 31 0 2.71 199 40 -1 3,0 20536 -1 3.62 218 36 -3 2.62 2J136 4’ 3.26! 207 32 -5 3.53

‘2901o loading denoted b~ N, variatiana by B, C, ●nd D.

8
bReooveries from this spin me 1 turns with slots closed, 1 turn with dots OPen.



t--G7-m ‘-‘:-:“-“~’”=t‘::“~’“~2 (e) (d) (e) (d) (e) (e)

m EERZ
t——t—tl ‘t=-b

1 o’ -22 2 (d) 6“ ‘“

I I I I ‘1 r--k-b

data

@ m [

7

1 D 10 2

2 A -48

2 B -78

2 c -45

2 D 74

3 A -48

3 B -159

0} I 1 ,

10

1 I 1 T

n

n
10 (0) 7

%otmtion used throWhOUt ●s follms :
(1) 14t-@nd #@ol donotos slots olosod> ridht-hMd mol, slots OPUI. (1 block = 10/40m)



TABLE IV. - SLOT EFFECTL FOR VARIED MASS DISTRIBUTION

g

Centrol Model

Ailerons Elevat~r 1 2 3 ‘ k“”

[

up o——— + —0+ 0+ -+
WIth Neutral o——— ++—+ OA 0+

Down
000+ ++++ OA

{

“o+
up 00++ —o— 0 ‘o— 0+

Neutral Neutral Oo+zl oo— +
Down

OA O’A
OO+A 0+++” OA

{

OA
up 00++ 0000 0+

Agaim t Neutral
o+

o—— A 000+ 00 ,0 A
Down OO+A +00+ 00 0 A

LOa~~~&(2) DCBA D A ,B c AB BA
.—

‘x - ‘Y 4
10 -~~ -61 -91 74 -L8 -73 -143, -48-159 -24 -2~4xlo

~ mb

%f’?sct of’ slots on recovery - adverse denoted by o; none} by +; favorable by A;
incomplete data, by—.

‘I@sic loading denoted by A; variations, by B, C, and I).



Control

Ail.ercnaElevator

[

up
With Teutral

Down

[

lJp

Neutral eutral
Down

f

Trp

Agahs eutral

Down

TABLE V. - ADVERSE OR FAVORABLE SLOT EFFECT1 AS DETERMINEDBY
Ix - Iy

THE MASS-DISTRTBUTION PARAMETER—
mb2

Mode1
(2)

2 1 4 13A2A 1 21A5 2 3 4A

+ o ——0–— o—– ++ +
+ 0 0–0+ — —–— +A +
+ 0 000+ o ++—— +A +
— 0 0000 + —+— o— +
0 0 0000 + —AA +A A
o 0 000+ + +A— +A A
0 0 0000 + c+— 0+ +
0 0 0–00 –oA–– ,+0 A
+ o 0000 + oA– +0 A

80 40 0 -40 -80 -120 -160 -200 -240X10-4

Ix - Iy

mbp

lEffect of slots on recovery - adverse denoted by o; nones by +; favorable ~ by A;
incomplete data, by —-.

2Basic loadlng denoted by A.



NACA Figs. 1,2

,–

Figure 1.- Model 1. A l/20-scale model of the Curtiss Xp-46
airplane.

Figure 2.- ]Jodel20 A l/~0-scale model of the Curtiss xSB2C_~
airplane.



NACA Figs. 3,5
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Figure 3.- Model 3. A l/20-scale model of the Curtiss O-52
airplane.

Figure 5.- Model 5. A l/16-scale model.of the Naval Aircraft
Factory XOSN-1 airplane.
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Figure 4.- Model 4. A l/14-scale model of the Curtiss XS03C-1 landplane.
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NACA Fi9.6

. .

(1 block = 10 divisions on l/zs” Eng, scale
)

Iy - I% Addition 0?
ml? wing woights~

FIgum 6. - Separationof slot effect b means of several
mass-distributionparameters. All sp$ns with d.lerona
and ●levator neutral.




